A novel actinobacterial strain, designated YIM A1136
The genus Nocardioides, which was first proposed by Prauser [1] , belongs to the family Nocardioidaceae within the suborder Propionibacterineae [2] . Members of the family Nocardioidaceae are found ubiquitously, with the most dominant group being the genus Nocardioides. They have been isolated from different niches including soil, sediment, seawater sites, rhizosphere, roots of plants and some extreme environments [3] . Characteristic features of the members of the genus Nocardioides include LL-2,6-diaminopimelic acid as the major diamino acid of the peptidoglycan in their cell wall and MK-8(H 4 ) as the predominate menaquinone [1, 4, 5] . The compositions of the cellular fatty acids of members of the genus Nocardioides are diverse, with many species containing iso-C 16 : 0 , C 17 : 1 !8c or C 18 : 1 !9c while some species have C 16 : 0 , C 17 : 0 , C 15 : 0 , iso-C 15 : 0 or iso-C 17 : 0 [6] [7] [8] [9] [10] [11] [12] . The chemotaxonomic marker mycolic acid is absent in the genus Nocardioides [11, 13, 14] . At the time of writing, more than 80 species belonging to the genus Nocardioides have been described with validly published names, and two species 'Nocardioides panaciterrulae' [15] and 'Nocardioides paucivorans' [16] have been proposed but their names have not yet been validly published. During a study of the diversity of actinobacteria of the karst niche, strain YIM A1136
T was isolated from a karst cave sample and its taxonomic status was investigated using a polyphasic taxonomy approach.
Strain YIM A1136
T was isolated from a soil sample of a karst cave located in Xingyi county (25 09¢ N 104 46¢ E), Guizhou province, south-western China. The soil sample was collected with a sterile spoon, homogenized in a sterile sampling bag and then transported to laboratory under ambient conditions. Isolation of actinobacteria was done using the standard dilution plate method on Reasoner's 2A agar (R2A) medium (Difco) supplemented with T and the reference type strains for chemotaxonomical and molecular investigations was harvested from cultures grown on R2A medium (28 C, 7 days).
Cell morphology of strain YIM A1136 T was observed under a light microscope and a scanning electron microscope (XL30 ESEM-TMP; Philips). For scanning electron microscopy, harvested cells of strain YIM A1136
T were suspended in sterilized water and fixed on glass cover-slips with glutaraldehyde (2 %) for 2 h. Subsequently, the fixed cells were dehydrated through a gradient series of alcohol (30, 50, 70 , 90 and 100 %, respectively). The cell specimens were sputter-coated with gold for 200 s and then examined. Gram's reaction was determined by using Solarbio's Gram staining kit as per the manufacturer's instructions. Cultural characteristics were tested on ISP 2, ISP 3, ISP 4 and ISP 5 media [17] , Czapek's agar medium [18] , potato-glucose agar (PDA) and nutrient agar media [18] for 2 weeks. Growth at various NaCl concentrations (0-6 %, w/v, at intervals of 0.5 %) and at different temperatures (0, 4, 10, 15, 20, 28, 30, 35, 37 and 40 C) was examined on R2A plates while the pH range for growth (pH 4.0-12.0, at intervals of 1 pH unit prepared using the buffer system as described by Xu et al. [19] ) was tested for 30 days by culturing the strains in R2A broth. Activities of oxidase, catalase and urease, gelatin liquefaction, milk peptonization and coagulation, nitrate reduction, H 2 S production, and degradation of Tweens 20, 40, 60 and 80, starch and cellulose were investigated according to the conventional procedures described by Gordon et al. [20] and Williams et al. [21] . Other enzyme activities and biochemical characteristics were determined by using API ZYM and API 20NE kits (bio-M erieux) according to the manufacturer's instructions. Sole carbon source utilization was determined by using Biolog GEN III Micro-Plates according to the manufacturer's instructions. Other physiological and biochemical characteristics were assessed by using the media and methods described by Gordon et al. [20] .
Genomic DNA was extracted, and the 16S rRNA gene was PCR-amplified and sequenced as described by Li et al. [22] . The amplicons were purified by using a PCR purification kit (Sangon Biotech). The 16S rRNA gene sequences obtained were assembled using the SeqMan program (DNAStar software) and compared with the corresponding sequences of cultured species in the EzTaxon server 2.1 database [23] and the NCBI database by using BLAST search [24] . To determine the phylogenetic relationships of strain YIM A1136
T and members of the genus Nocardioides, multiple alignments of their sequences were performed using the CLUSTAL X software package [25] . Phylogenetic and molecular evolutionary analyses were performed using the software package MEGA version 7.0 [26] . Phylogenetic dendrograms were generated with the neighbour-noining [27] , maximum-parsimony [28] and maximum-likelihood [29] algorithms. The Kimura two-parameter model [30, 31] was used to calculate the evolutionary distances in the neighbour-joining phylogenetic dendrogram. Bootstrap analysis was used to evaluate the topology of each tree with 1000 replications [32] . The genomic DNA G+C content of strain YIM A1136
T was determined by HPLC [33] , with Escherichia coli JM-109 as the reference strain. DNA-DNA relatedness was carried out to determine the relationship between strain YIM A1136 T and the reference strains according to the fluorometric micro-well method [34] [35] [36] . The hybridizations were performed by using DNA probes labelled with photobiotin (Sigma) and 96-well microdilution plates (Greiner BioOne). Each sample was set with eight replications.
Chemotaxonomic characteristics of strain YIM A1136
T and the reference strains were observed using several standard methods under identical conditions. Menaquinones were extracted from lyophilized cells as described by Collins et al. [37] and Minnikin et al. [38] , and the extracts were purified and analysed by HPLC [39, 40] . For analysis of fatty acids, strain YIM A1136
T and closely related strains were grown on R2A medium at 28 C for 24 h. The cellular fatty acids were extracted, methylated and analysed following the instructions of the Microbial Identification System (MIDI) (Sherlock version 6.1; MIDI database: TSBA6) [41] . Polar lipids were extracted, the individual polar lipids were separated by two-dimensional TLC on silica gel G 60 plates (Merck), and the profile was identified using the procedures described by Minnikin et al. and Collins and Jones [38, 42, 43] .
Cells of strain YIM A1136
T were Gram-staining-positive, aerobic and rod-shaped. The cells measured 0.2-0.5 µm in diameter and 2.0-6.0 µm in length. Strain YIM A1136 T was observed to be non-motile and did not form spores (Fig. S1 , available in the online Supplementary Material). Colonies were circular, convex, opaque and yellowishwhite in colour on R2A medium. Growth occurred at 4 C to 35 C (optimum 28 C), pH 6.0-8.0 (optimum pH 7.0) and in the presence of up to 5 % (w/v) NaCl (optimum growth in the absence of or with low NaCl). The strain was negative for oxidase, reduction of nitrate, production of indole and H 2 S, and urease activity, and positive for catalase, esterase lipase (C8) and leucine arylamidase activities. The strain could hydrolyse Tweens 40 and 60, but not cellulose, gelatin, starch, or Tweens 20 or 80. Detailed physiological and biochemical characteristics of strain YIM A1136
T are listed in the species description and in Table S1 , and characteristics that differentiate strain YIM A1136
T from closely related type strains are summarized in Tables 1 and S2 T were 61±1, 52±1, 48±1, 39±2, 42 ±2 and 47±1 %, respectively, which were lower than the threshold value (70 %) recommended for distinguishing novel species [44] .
Strain YIM A1136
T contained LL-diaminopimelic acid as the cell-wall diamino acid, which was similar to other members of the genus Nocardioides. The whole-cell sugars were galactose, glucose, mannose, rhamnose and ribose. The predominant menaquinone of strain YIM A1136
T was MK-8 (H 4 ) (97.2 %), which is common to the genus Nocardioides [11, 45] . MK-8(H 6 ) (1.8 %) and MK-7 (1 %) were also found as minor components. The predominant fatty acids of strain YIM A1136
T (>5 %) were C 16 : 0 (26.7 %), summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c, 17.5 %), summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c, 15.7 %), C 17 : 0 cyclo (9.2 %), C 12 : 0 2-OH (8.8 %), C 12 : 0 3-OH (8.5 %) and C 10 : 0 3-OH (6.2 %). Although the proportions of fatty acids of strain YIM A1136
T were different from those of the reference strains determined in this study (Table S2) , this was consistent with the diverse characteristics of the major fatty acids of species of the genus Nocardioides [45, 46] . Detailed fatty acid compositions are shown in Table S2 . Polar lipids of strain YIM A1136
T comprised diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and two unidentified phospholipids (Fig. S3) .
The phylogenetic analyses, morphological and chemotaxonomical characteristics support the characterization of strain YIM A1136
T as a member of the genus Nocardioides. However, the differences in biochemical characteristics, fatty acid compositions and lower DNA-DNA relatedness values distinguish strain YIM A1136
T from closely related strains. Based on the above characteristics, strain YIM A1136
T is considered to represent a novel species of genus Nocardioides, for which the name Nocardioides cavernae sp. nov. is proposed.
DESCRIPTION OF NOCARDIOIDES CAVERNAE SP. NOV.
Nocardioides cavernae (ca.ver¢nae. L. gen. fem. n. cavernae of a cave, referring to the habitat from which the type strain was isolated).
Cells are Gram-staining-positive, aerobic, non-motile, nonspore-forming and rod-shaped and measure 0.2-0.5 µm in diameter and 2.0-6.0 µm in length. Colonies are smooth, circular, convex, opaque and yellowish-white after 4 days of incubation at 28 C on R2A agar. Growth occurs at 4-35 C (optimum 28 C), pH 6.0-8.0and in the presence of up to 5 % (w/v) NaCl. Positive for catalase activity, but negative for oxidase and urease activities, coagulation and peptonization of milk, hydrolysis of cellulose, gelatin and starch, nitrate reduction and production of H 2 S. Tweens 40 and 60 are hydrolysed, but not Tweens 20 or 80. In the API 20NE system, assimilation of capric acid, D-glucose, malic acid, potassium gluconate and trisodium citrate, and hydrolysis of aesculin are positive, while arginine dihydrolase, galactosidase and urease activities, hydrolysis of gelatin, indole production, glucose fermentation, nitrate reduction, and assimilation of adipic acid, N-acetylglucosamine, Larabinose, maltose, D-mannose, D-mannitol and phenylacetic acid are negative. According to the API ZYM tests, positive for esterase (C4), esterase lipase (C8), leucine arylamidase and naphthol-AS-BI-phosphohydrolase, but negative for acidic phosphatase, alkaline phosphatase, cystine arylamidase, lipase (C14), trypsin, a-chymotrypsin, agalactosidase, a-glucosidase, a-mannosidase, b-fucosidase, b-galactosidase, b-glucosidase, b-glucuronidase and N-acetyl-b-glucosaminidase. Positive reactions in the GEN III system for oxidation of acetic acid, citric acid, fusidic acid, a-D-glucose, a-ketoglutaric acid, D-gluconic acid, L-glutamic acid, glycerol, L-lactic acid, lincomycin, nalidixic acid, niaproof 4, L-malic acid, mucic acid, potassium tellurite, propionic acid, quinic acid, rifamycin SV, L-serine, sodium bromate, tetrazolium blue, tetrazolium violet, troleandomycin and vancomycin. LL-Diaminopimelic acid is the diagnostic diamino acid in cell-wall peptidoglycan. The whole-cell sugars are galactose, glucose, mannose, rhamnose and All data for reference strains are from this study unless indicated otherwise. All strains were positive for following activities: degradation of Tween 40 and Tween 60; catalase, esterase lipase (C8) and leucine arylamidase. All strains were negative for following activities: glucose fermentation, H 2 S production, indole production; hydrolysis of cellulose, starch and Tween 20; assimilation of phenylacetic acid; arginine dihydrolase, oxidase, N-acetyl-b-glucosaminidase, a-mannosidase and b-fucosidase. +, Positive; À, negative; ND, not determined. 
Assimilation of: [47] ; b,Li et al. [48] ; c, Zhang et al. [12] ; d, Lee et al. [49] ; e, Lee [50] .
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0.01 * * * Fig. 1 . Neighbour-joining phylogenetic tree showing the phylogenetic relationship of strain YIM A1136 T and other closely related species of the genus Nocardioides based on 16S rRNA gene sequences. Asterisks indicate branches that were also recovered in dendrograms using the maximum-parsimony and maximum-likelihood methods. Bootstrap values (expressed as percentages of 1000 replications) of above 50 % are shown at branch points. Luedemannella helvata 3-9 (24) T was used as an outgroup. Bar, 0.01 substitutions per nucleotide position.
The type strain YIM A1136 T (=KCTC 39551 T =DSM 29950 T ) was isolated from a soil sample collected from a karst cave in Xingyi county, Guizhou province, southwestern China. The DNA G+C content of the type strain is about 71.4 mol%. 
